1. Introduction {#sec1}
===============

Coronavirus Disease (COVID-19) was first reported in Wuhan, China ([@bib28]). As of June 30, 2020, the number of confirmed cases exceeded 10.1 million with over 0.5 million mortalities; in particular, in the United States, the number of confirmed cases has all exceeded 2 million, accounting for approximately 25% of total confirmed cases in the globe. The proportions of confirmed cases in Chile (14.8‰), Peru (9.2‰), United States (7.7‰), Brazil (6.4‰), and Spain (5.3‰) have all exceeded 5‰. With the increasing number of COVID-19 cases globally, countries have utilized precautionary measures against this pandemic. Main transmission routes of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) include droplet and contact transmissions. Airborne transmission may be possible in specific circumstances and settings in which aerosol generating procedures (AGP) are performed ([@bib26]). The aerosol deposition on the surface and subsequent resuspension could also be a potential transmission route. Additionally, SARS-CoV-2 could remain viable in aerosols for 3 hours and has shown to be viable on various surfaces for a period of time: plastic (72 h), stainless steel (48 h), copper (4 h), and cardboard (24 h) surfaces ([@bib21]).

SARS-CoV-2 can spread quickly in relatively confined spaces, such as nursing homes, orphanages, and prisons. For examples, over 200 infections were reported in a women's prison in Wuhan, China, the epicenter of the outbreak, 100 m from a local hospital for pulmonary diseases ([@bib29]). As of April 12, 2020, a total of 306 inmates and 218 staffs in a prison were tested positive for the COVID-19 in Cook County, the United States ([@bib6]). In Arkansas, 51 of 280 confirmed COVID-19 cases were found in nursing homes (THV11 [@bib8]). In Louisiana, at least 61 nursing homes have confirmed COVID-19 cases, totally 261 nursing home residents have tested positive for the virus with 60 deaths ([@bib23]). These are reinforcing evidence that people over the age of 65 are at a higher risk of developing life-threatening complications due to COVID-19. Looking at the transmission characteristics of SARS-CoV-2, the most efficient protection measures are mask use and hand hygiene, according to previous studies on influenza virus and coronavirus ([@bib1]; [@bib11]; [@bib15]). In the globe, it is estimated that 8 million children ([@bib4]) and 10.74 million inmates ([@bib22]) live in orphanages and prisons, respectively. It was estimated that there are approximately 703 million persons aged 65 years or over in the globe and 2% of them are living in the nursing home ([@bib16]; [@bib20]). Elderly people, children, and inmates in these facilities are people either with limited mobility or deprived of liberty. They live in close proximity with others thus close contact is unavoidable. Although entrance to these facilities is strictly limited, which could protect them from outside infectious agents, inadequate prevention and control measures taken inside may still exacerbate COVID-19 transmissions from within. The purpose of this study is to illustrate the rationale of prevention and control measures in nursing homes, orphanages, and prisons and provide suggestions for general measures, health management, personal protection measures, and prevention measures in specific facilities.

2. Rationale {#sec2}
============

2.1. Nursing home {#sec2.1}
-----------------

The elderly in nursing homes are vulnerable populations who are at a higher risk of infection and adverse outcome because they usually live in close proximity to others ([@bib25]). COVID-19 has an increased mortality in older people and in those with chronic diseases or immunosuppression. In Italy, the mean age of patients dying for COVID-2019 infection was 78.5, which was 15 years higher as compared with the national sample diagnosed with COVID-2019 infection ([@bib7]). The lack of knowledge and proper care may make them more vulnerable. Therefore, to protect residents, employees, and visitors, prevention and control measures should be taken in nursing homes to prevent SARS-CoV-2 from entering the facility and spreading inside and outside the facility.

2.2. Orphanage {#sec2.2}
--------------

The COVID-19 outbreak has led to a level of heightened vigilance in the community which involves the extra responsibility of caring for children in need of protection and those who cannot be cared for by their biological parents as an orphanage. Although the confirmed COVID-19 cases in children account for a relatively small proportion at this point, there is evidence that children are also susceptible to COVID-19 infection ([@bib13]). Pneumonia is a leading cause of mortality in children, and distinct immunological responses to viral infections might exist in children which can cause severe damage to vital organs ([@bib5]). Recent study suggests that children with COVID-19 are at risk for a Multisystem Inflammatory Syndrome in Children (MIS-C) with cardiovascular manifestations ([@bib3]). In addition, children in orphanages live in congregated and relatively confined environment with limited health protection awareness. Thus, the importance to promote the welfare, protection, and care for children and staffs within the orphanage facility could never be overemphasized.

2.3. Prison {#sec2.3}
-----------

Inmates in prisons and other custodial settings live in close proximity with each other under poor ventilation conditions, thus the risk level of person-to-person transmission through droplet and aerosol transmissions are higher ([@bib12]). In addition, inmates generally have a higher number of co-morbid conditions and are in worse health conditions. This is made worse by general poorer hygiene and weaker immune defense due to stress and poorer nutrition ([@bib24]). Infections can be transmitted between prisoners, staffs, and visitors, between prisons through transfers and staff cross-deployment, to and from the community. Many scholars have appealed for revision of prison guidelines on infection control because most prisoners will eventually be released back into their communities and may further spread infectious diseases ([@bib17]). Moreover, during COVID-19 pandemic, the COVID-19 clusters in this setting have the potential to overwhelm prison health-care services ([@bib14]).

3. Prevention and control measures {#sec3}
==================================

In order to timely respond to COVID-19 pandemic for nursing homes, orphanages, and prisons, it is recommended to enhance risk control, strengthen daily prevention and control measures such as personnel protection, environmental cleaning, and disinfection.

3.1. Health management measures {#sec3.1}
-------------------------------

The nursing homes, orphanages, and prisons should establish the prevention and control system and develop emergency plans during COVID-19 pandemic. The establishment of health monitoring is helpful in early detection of COVID-19 cases, especially those with mild symptoms ([@bib10]). Close management should be adopted during the COVID-19 pandemic, and personnel in and out, especially visits, should be reduced. Since as high as 60% of all infections were converted from cases with mild symptom or asymptotic cases, admission health screening should be carried out to mitigate asymptomatic transmission ([@bib19]). It is also suggested to set isolation observation area in each facility for people who develop symptoms. In particular, people who are new to nursing homes, orphanages, and prisons should be isolated for at least 14 days. Similarly, children or the elderly who leave or relocate from facilities, as well as people who are released from prisons should be isolated for 14 days. For facilities providing shuttles for workers, measurement of body temperature should be carried out before getting on. People with suspected symptoms of fever, cough, sneezing should not be allowed to enter these facilities. Since the control of COVID-19 needs at least a couple of months, the preparation of sufficient protection products (masks, disinfectants, gloves, etc.) is highly recommended. Meanwhile, distribution priority of medical supplies should be given to healthcare workers providing care services (e.g. front-line healthcare workers, nursing staff in institutions, and healthcare personnel in private clinics); personnel who provide essential services and who are required to have contact with the public at work (e.g. those providing public transport, emergency services and immigration services); and marginalized and vulnerable groups in the society (e.g. unaccompanied children, elderly people without family support, and disabled persons). Health education should also be carried out to increase the protection awareness via training, posters, videos, etc. During the COVID-19 pandemic, nursing homes, orphanages, and prisons should provide psychological consulting services to the elderly, children, inmates, and workers to mitigate probable negative emotions such as anxiety and panic under the stress.

3.2. General measures {#sec3.2}
---------------------

### 3.2.1. Basic hygiene measures {#sec3.2.1}

Ventilation is one of the most effective measures to significantly reduce the exposure to infectious diseases ([@bib30]). Therefore, the ventilation during COVID-19 should be strengthened. Under the prerequisite of thermal comfort, natural ventilation is preferred. It is recommended to open the window 2 or more times a day with duration of 0.5 h. For facilities using air conditioners for ventilation and indoor temperature adjustment, it is suggested to regularly clean and disinfect the air inlet and outlet of the air conditioner using chlorine containing disinfectant with available chlorine content of 500mg/L and strengthen the cleaning and disinfection of the condensate pan and cooling water of the fan coil unit. The operation of hand washing facilities should be maintained regularly. Also, the wastes should be classified before disposal and the disinfection frequency of waste containers could be increased. Spraying or wiping disinfections using chlorine containing disinfectant with available chlorine content of 500 mg/L are recommended. In addition, since SARS-CoV-2 may spread through contaminated waste surfaces and aerosols from wastewater systems, it is necessary to assess disease prevalence and spread by monitoring the viral RNA in wastewater for early warning of COVID-19 outbreaks ([@bib18]).

### 3.2.2. Object surface cleaning and disinfection {#sec3.2.2}

Indoor and outdoor environment of facilities should be kept clean and hygienic, daily cleaning and disinfection measures should be recorded. The floor could be kept clean using chlorine containing disinfectant with available chlorine content of 250--500 mg/L. Vomitus could be covered and disinfected using disposal water absorbing materials and adequate disinfectant or effective disinfection towel. After removal of vomitus, the object surface should be disinfected using quaternary ammonium salt disinfectant or chlorine containing disinfectant.

### 3.2.3. Prevention measures in functional places {#sec3.2.3}

The restroom should be kept clean and dry, in addition, ideal ventilation and disinfection frequency should be adjusted according to actual situation. The sink, shower, and other drainage pipes should be frequently checked to ensure the effect of water seal of U-shaped pipe and sewer. The surface of public table, sink, door handle, and other objects should be disinfected using chlorine containing disinfectant with available chlorine content of 500 mg/L. After then, wipe the surface with clean water 30 minutes after spraying or wiping disinfection. Gatherings (leisure activity, having meal, workout, etc.) should be reduced and the personnel density should be well controlled ([@bib2]). The dining room in use as well as used kitchen utensils should be disinfected after each meal. Food debris must be removed before the disinfection of tableware because the presence of organic matters would weaken the disinfection performance. It is recommended to disinfect the kitchen utensils via boiling or steam for 15 min, disinfection cabinet, or soaking in chlorine containing disinfectant with available chlorine content of 250 mg/L, and wash completely after disinfect.

3.3. Personal protection measures {#sec3.3}
---------------------------------

In congregated places, people are encouraged to correctly wear the mask and enhance hand hygiene simultaneously. To stop the spread of SARS-CoV-2, it is recommended to avoid large gatherings, direct contact with public facilities or public objects, and maintain a distance of at least 3 feet from other people ([@bib9]). Avoid touching face with hands or gloves to minimize spread of SARS-CoV-2 and other pathogens. When cough or sneezing, people are suggested to cover their mouth and nose using the napkin or elbow, and wash hands completely using soap or liquid soap after throwing the used napkin into the dustbin. When communicating with others, direct contact without mask should be avoided. Under the condition of sufficient protection products supply, people could consider to use hand sanitizer and keep hands clean all the time. In orphanages, specific masks or face shield should be prepared for children because the use of adult masks might lead to air leak and expose them to infection. The care givers should also rationally guide children to wear the mask or face shield in certain scenarios, such as before eating, before and after playing, after sneezing, etc. The protection of infants is indirect because they are not required to wear the mask, thus the personal protection of care givers must be strengthened.

3.4. Specific measures {#sec3.4}
----------------------

### 3.4.1. Nursing home {#sec3.4.1}

Once COVID-19 case is found in a nursing home, the confirmed case and suspected case (if any) should be immediately isolated from others. Before entering the isolation area, cases should change their clothes throughout. The healthcare workers should adopt proper personal protection measures. Unnecessary personnel in and out should be forbidden in isolation area. Strict disinfection should be carried out for isolation area and contaminated objects as shown in [Table 1](#tbl1){ref-type="table"} .Table 1Disinfection strategy for nursing homes when a COVID-19 case is found.Table 1CategoryDisinfection technologyDisinfectant concentrationDisinfection timeClothes and bedclothesHeat and humidity resistantBoil--15 minSteam--30 min under 121 °CPressure steam--30 min under 121 °CWash after soaking in chlorine containing disinfectant1000--2000 mg/L2 hHeat and humidity sensitiveethylene oxide disinfection cabinet----Contaminated objectsHeat and humidity resistantBoil--15 minSteam--30 min under 121 °CPressure steam--30 min under 121 °CWash after soaking in chlorine containing disinfectant1000--2000 mg/L2 hHeat and humidity sensitiveethylene oxide disinfection cabinet----Humidity resistantSoak in chlorine containing disinfectant or wipe the surface1000--2000 mg/L30 minSoak in peracetic acid or wipe the surface2000 mg/L30 minPrecision instrument and electrical appliancesWipe using alcohol or quaternary ammonium salt disinfectantKitchen utensilsBoil30 minSteam30 minWash after soaking in chlorine containing disinfectant500 mg/LIndoor environmentSurfaceSpray disinfection (300 mL/m^2^)1000--2000 mg/L (chlorine containing disinfectant);\
2000--5000 mg/L (peracetic acid)AirFumigation (1 g/m^2^)5000--10,000 mg/L (peracetic acid)2 h under relative humidity of 60%--80%

### 3.4.2. Orphanage {#sec3.4.2}

Personnel with abnormal body temperature, cough, fatigue, diarrhea, sore throat, or with potential exposure to SARS-CoV-2 should be isolated in temporary isolation area. Confirmed and suspected COVID-19 cases should be sent to designated hospitals for further treatment. The orphanage facility must report the situation to relevant government departments and local CDCs in time. In addition, orphanages should also conduct investigations on close contacts under the guidance of local health departments, a 14-day isolation should also be required for close contacts. Children and staffs who get back from hospital should be isolated for at least 14 days. At the same time, the orphanages need to be thoroughly disinfected, and the personal belongings should be handled properly. All clothes, bedding, sheets, and other textiles should be kept clean and washed regularly. If disinfection treatment is required, steam or boiling for 30 minutes are recommended. It is also feasible to soak with chlorine-containing disinfectants with available chlorine content of 500 mg/L for 30 minutes, followed by routine cleaning ([@bib27]). Restrooms, bathrooms, and laundries in orphanages should be disinfected on a daily basis with chlorine-containing disinfectants with available chlorine content of 500 mg/L, then rinsed under running water.

### 3.4.3. Prison {#sec3.4.3}

If a COVID-19 case was found in a prison, it is suggested to immediately organize screening for all inmates and staffs. People with abnormal symptoms (fever, cough, diarrhea etc.) should be recorded and examined via Computed Tomography (CT). Close contacts could be evacuated to other custodial facilities without cases in order to block the transmission routes and reduce the risk of cross infection. Isolation requirements should be strictly implemented and health monitoring should be enhanced to these close contacts. The prison should be divided into case area, isolation area, isolation observation area, and general area. It is also recommended to distribute disposable masks to inmates and staffs, and guide the use and disposal of the mask. The ventilation, regular disinfection, and personal protection measures should be strengthened, and unnecessary personnel in and out should be avoided. It is recommended to provide sufficient soap or liquid soap in order to strengthen hand hygiene. Moreover, if the hand hygiene product supply is limited, 75% Alcohol Hand Sanitizer could also be utilized to clean hands. Terminal disinfection must be provided for the places where COVID-19 cases lived or stayed for relatively long time.

If a COVID-19 cluster was found in a prison, in addition to prevention measures mentioned above, partition management is also recommended. Cases with severe and moderate symptoms should be arranged in case area. Cases with mild symptoms, those who with positive results of pharyngeal swab viral nucleic acid detection but do not have obvious clinical symptoms (such as fever, fatigue, pneumonia, etc.), should be arranged in isolation area. Suspected cases, close contacts, and other people with symptoms of fever, cough, diarrhea, etc. should be arranged in isolation observation area. The rest could stay in general area. From the perspective of security, the partition management for prison staffs and inmates should be separated. Healthcare area of other diseases should be strictly separated with case area, isolation area, isolation observation area, and general area to avoid cross infection. If the prison has limited isolation and medical conditions, it is recommended to transfer confirmed cases and suspected cases to COVID-19 designated hospitals and strengthen the custody during the treatment.

4. Perspectives {#sec4}
===============

The elderly in nursing homes, children in orphanages, and inmates in prisons are marginalized and vulnerable groups in the society. However, they live in congregated and relatively confined environment due to specific management, which significantly increase their risks exposed to COVID-19. Therefore, it is crucial to strictly implement routine cleaning and disinfection measures and publicize health protection knowledge to improve the awareness. The best way to prevent illness is to avoid being exposed to the pathogens which requires all to work together and comply with the rules ([Fig. 1](#fig1){ref-type="fig"} ). Inter-/intra-national cooperation should be encouraged. Each country should establish nationwide prevention and control strategies, and health departments should provide technical support to nursing homes, orphanages, and prisons. Facilities should have sufficient management oversight of practice previously proposed on a daily basis and arrangements in place to ensure proper scrutiny of the well-being of the elderly, children, and inmates. Apart from these, everyone should stay informed and vigilant, and update information from health departments or other official channels in a timely way. On the other hand, social activities and interactions are reduced dramatically during the COVID-19 pandemic, and people in these facilities become much more socially isolated which might cause more psychological harm. Therefore, close attention must be paid to their mental health, especially those who are isolated. Moreover, the health monitoring of people in these facilities should be further improved at national scale. It is recommended to establish an access for nursing homes, orphanages, and prisons in order to directly report outbreak information to the health department.Fig. 1Strategic framework for prevention and control of COVID-19 pandemic.Fig. 1
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